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In this issueofDevelopmental Cell, a novelmechanism
for the initiation of germ cell migration in the mouse
has been identified, based upon differential expres-
sion of interferon-inducible transmembrane proteins
in the gastrula (Tanaka et al., 2005). Germ cells are dis-
placed by a repulsion mechanism from the posterior
mesoderm into the endoderm.
IFITMs (interferon-inducible transmembrane proteins)
are a family of related cell surface proteins originally
identified as targets of interferon stimulation in neuro-
blastoma cells. Three members of the Ifitm family (1–3)
are closely clustered in the genome (on chromosome 7
in the mouse, 11 in the human). Human IFITM1 protein
has been implicated in homotypic cell adhesion of leu-
kemic B cells (Evans et al., 1990). These proteins first
appeared on the radar screens of those studying germ
cells when two separate investigations revealed that
mouse Iftm3 is expressed in the germ cells during gas-
trulation (Saitou et al., 2002; Tanaka and Matsui, 2002),
precisely at the time when germ cells are becoming
specified in the mouse (Lawson and Hage, 1994). The
way germ cells become specified and how their initial
behavior is controlled are poorly understood. Lineage
analysis showed that they first appear in the proximal
epiblast (Lawson and Hage, 1994) and move to the pos-
terior region of the primitive streak and the base of the
allantois (Ginsburg et al., 1990). Germ cells spread from
this region into surrounding structures, including the
posterior embryonic endoderm, the extraembryonic en-
doderm, and the allantois (Anderson et al., 2000). Germ
cells that move into the posterior endoderm are motile,
but are retained there as it forms the hind-gut (Moly-
neaux et al., 2001), before subsequently migrating to
the genital ridges.
The mechanisms by which germ cells move from the
posterior primitive streak region into the endoderm, lo-
calize to the region that will form the hind-gut, and then
remain there are currently unknown. Some light has
been thrown on this process by the work of Tanaka and
colleagues, who report their findings in this issue of
Developmental Cell (Tanaka et al., 2005). Careful in situ
hybridizations reported in this and in earlier publications
(Lange et al., 2003; Saitou et al., 2002; Tanaka and Mat-
sui, 2002; Tanaka et al., 2004) show that Ifitm1-3 expres-
sion is highly dynamic during gastrulation. As previously
reported, Ifitm3 is expressed first, in the proximal epi-
blast where germ cells arise. Subsequently, Ifitm1comes
on in the proximal epiblast, followed by Ifitm2, which is
expressed more widely. Ifitm3 expression is a down-
stream target of BMP signaling (Saitou et al., 2002),
which is required for germ cell formation in the mouse.
Of particular interest are the subsequent changes in
expression of Ifitm1 and -3. Ifitm3 becomes restrictedin its expression to the germ cell precursors in the pos-
terior primitive streak region, while Ifitm1 is expressed
by both germ cells and posterior mesoderm cells. The
germ cells then turn off Ifitm1 as they leave this region
and enter the endoderm. For a schema of this com-
plex expression pattern, see Figure 7 of Tanaka et al.
(2005).
This changing pattern of expression, coupled to pre-
vious evidence that IFITMs may mediate homotypic
cell adhesion, suggested a possible role in germ cell
movement from the mesoderm into the posterior em-
bryonic endoderm. The evidence presented by Tanaka
and colleagues suggests that Ifitm1 and 3 control a re-
pulsion mechanism. When both proteins are being ex-
pressed by the germ cells, there is no effect. However,
the turning off of Ifitm1 by the Ifitm3-expressing germ
cells causes them to be repelled by their neighbors
that continue to express Ifitm1 in the posterior primitive
streak region (Figure 7 in Tanaka et al. [2005]). Two ele-
gant experiments are provided as primary evidence for
this hypothesis. First, Ifitm1 was ectopically expressed,
by transfection, in the endoderm. In the mosaic of Ifitm1-
expressing and nonexpressing endodermal cells thus
generated, the germ cells always avoided the regions of
Ifitm1 expression. This repulsive behavior was retained
throughout hind-gut formation. When Ifitm1 and -3 were
coexpressed in the endoderm, germ cells did not avoid
areas of coexpression, suggesting that the repulsive
effect of Ifitm1 is only exerted when germ cells turn it
off. Second, loss of function data is provided by RNAi-
mediated silencing of Ifitm1, which caused germ cells
to remain in the mesoderm instead of migrating into the
endoderm. This suggests that the normal role of Ifitm1 in
the mesoderm is to cause the germ cells to move into the
endoderm. Importantly, none of these treatments altered
overall germ cell numbers, thus excluding cell specifica-
tion, death, and proliferation as primary targets of IFITMs
in these experiments.
Both chemoattraction and repulsion are already
known to be important components of germ cell migra-
tion in several species. The importance of this new work
is that it addresses the earliest stage in the migratory
process, about which nothing is currently known, and
identifies a novel mechanism. It also offers a potential
explanation of a later event. At E9.0 in the mouse, time-
lapse movie analysis shows that germ cells are highly
motile, but cannot escape from the hind-gut (Molyneaux
et al., 2001). Since expression of Ifitm1 continues in the
mesoderm surrounding the gut, then Ifitm1-mediated
repulsion might serve to cage the germ cells in this par-
ticular region until the genital ridges, the targets of the
migrating germ cells, have formed. Potentially, signals
from the genital ridges would downregulate this repul-
sion mechanism locally and allow the germ cells to mi-
grate out of the gut.
There is still much to do before a full mechanistic
explanation is established. One result presented in the
paper does not fit particularly well with a simple cell-
repulsion mechanism. Ectopic expression of Ifitm3 in
endoderm cells caused them to accumulate posteriorly,
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724in the region occupied by the germ cells. These cells
are already in the endoderm, so are not being moved
to the germ cell region by simple repulsion by the meso-
derm. This result suggests that Ifitm3 may play another
role in germ cell behavior, which localizes germ cells
within the endoderm. If so, does it also play a role in
the exit from the endoderm, or is this mediated entirely
by Ifitm1-mediated repulsion? Loss-of-function analy-
sis of Ifitm3 is badly needed, as is a mechanistic expla-
nation for IFITM function(s) in these processes.
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Replication, Repair,
and Reactivation
In a recent issue of Current Biology, Kapoor et al.
(2005) and Elmayan et al. (2005) illuminate the linkage
between DNA replication and repair and transcrip-
tional gene silencing in plants by showing that mu-
tants in RPA2, a homolog of yeast and mammalian
replication protein A, exhibit loss of silencing at trans-
gene loci as well as some transposable elements. This
is accompanied by a shift in histone H3 methylation
modifications at these loci from a heterochromatic to
a euchromatic pattern. Intriguingly, cytosine methyla-
tion is unaffected at the reactivated loci, indicating
that transmission of DNA methylation and histone
modification status can be uncoupled.
Two recent articles in Current Biology (Elmayan et al.,
2005; Kapoor et al., 2005) describe a novel component
of the transcriptional silencing (TGS) pathway in plants.
The surprising discovery made by these two groups
brings, in addition to BRU1 (Takeda et al., 2004),
FAS1, and FAS2 (Kaya et al., 2001), yet another compo-
nent of the DNA and chromatin replication and repair
machinery into the gene silencing arena. This gene,
RPA2, cloned independently by both groups, is an Ara-
bidopsis homolog of the second subunit of the yeast
and mammalian replication protein A, which is involved
in DNA replication and repair.
The two groups identified rpa2 mutations through ge-
netic screens designed to detect loss of reporter gene
TGS. Elmayan et al. (2005) used fast neutron mutagene-
sis of Arabidopsis plants harboring a transcriptionally
silent transgene. This transgene contains 3–4 tandem-
repeated copies of pNos::nptII and 35S::GUS reporter
genes and is known as L5. In contrast, Kapoor et al.Selected Reading
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(2005) identified insertional mutants in RPA2 via T-DNA
mutagenesis of a population of 20,000 ros1 plants fol-
lowed by screening for the loss of TGS of a complex
reporter transgene containing the LUC reporter gene
driven by the RD29A promoter and a nptII gene driven
by the 35S promoter. In this case, TGS of the reporter
is caused by the loss of functional ROS1, a DNA glycosy-
lase/lyase, in the ros1 background. In both cases, the si-
lent reporter gene driven by the 35S promoter was acti-
vated by the rpa2 mutation, while Kapoor et al. report
that the RD29A::LUC transgene remained silenced and
methylated.
How is TGS lost in rpa2 mutants? Interestingly, this
mutation does not seem to affect some of the usual sus-
pects in TGS: namely, promoter cytosine methylation
and siRNA production. It does, however, affect histone
H3 methylation patterns. While the 35S promoter in
wild-type plants in silenced via Histone H3 lysine-9 meth-
ylation (H3mK9), in rpa2 mutants this is replaced by
H3mK4, an epigenetic mark characteristic of active chro-
matin. This was sufficient to activate reporter gene tran-
scription even in the presence of cytosine methylation.
Furthermore, RPA2 is needed for more than just 35S
promoter silencing. Elmayan et al. and Kapoor et al. re-
port that the loss of RPA2 can lead to reactivation of
typically heterochromatic Athila, AtMu1 and AtLINE1-4
transposable elements (TE). As was the case with the
reporter genes, TE reactivation was not accompanied
by changes in DNA methylation or siRNA, with both re-
maining unchanged in the mutant. In addition to the mo-
lecular phenotypes, rpa2 plants exhibit shorter stature
and early flowering when compared to the wild-type
plants and, like ros1 plants, are also more sensitive to
DNA-damaging agents.
Together, the papers by Kapoor et al. and Elmayan
et al. indicate that, while the mechanisms for propagation
of DNA and histone methylation are physically coupled
to replication and repair, they can be uncoupled from
